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The Na + - or ion-gradient hypothesis (see Schultz and Curran, 1970, for a re¬ 
view) postulates that the energy necessary for the intracellular accumulation of 
solutes against a concentration difference is obtained, ultimately, from the mainte¬ 
nance of a Na + , and possibly K + , difference across the cell membrane. In addition 
to evidence that such a mechanism is functional in glucose and amino acid influx 
and accumulation in some vertebrate tissues (Schultz and Curran, 1970), there is 
ample evidence that such systems also function in glucose influx in tapeworms. 
Glucose influxes in Taenia ( ITydatiyera ) taeniaejonnis larvae and adults, Ify- 
mcnolepis diminnta larvae and adults, Calliobothrinm vcrticillatum adults, and 
Taenia crassiceps larvae are Na*-sensitive (von Brand and Gibbs, 1966: Anne, 
Middleton and Scott, 1973; Dike and Read, 1971 ; Fisher and Read, 1971 ; Pappas, 
Uglem and Read, 1973a, respectively). Glucose and Na + movements into C. 
vcrticillatum are coupled, and the kinetics of glucose and Na + fluxes in this species 
suggest that the mechanisms of Na + -coupled glucose influx in tapeworms and verte¬ 
brate tissues are generally similar ( Pappas and Read, 1972). 

On the other hand, the influxes of phenylalanine and methionine in T. crassiceps 
larvae and methionine in H. diminnta are insensitive to the external Na + concen¬ 
tration (Pappas, Uglem and Read, 1973b, Read, Rothman and Simmons, 1963, 
respectively), although these amino acids are accumulated by the worms in the 
presence of NaL Moreover, T. crassiceps larvae accumulate phenylalanine and 
methionine in Na + -free media (Pappas et ai, 1973b). This raises the question of 
whether ions and/or ion differences (gradients) are related to amino acid influx 
and accumulation in tapeworms. Also, although glucose influx in several tapeworm 
species is known to be Na + -sensitive and/or Na + -coupled, it is not known whether 
glucose accumulation is Na + -dependent. This paper reports an experimental ex¬ 
amination of ion requirements for glucose and amino acid influx and accumulation 
in the tapeworm, Hymenolepis diminnta. 

1 This study was supported in part by grant 5-T01-AI00106 from the National Institutes 
of Health, U.S. Public Health Service, and U.S.P.H.S. Postdoctoral Fellowships 5-F02-AI- 
45108-02 and 2-F02-GM-52134-02 awarded to P. W. Pappas and G. L. Uglem, respectively. 

2 Present Address: Department of Zoology, The Ohio State University, Columbus, Ohio 
43210. 

3 Clark P. Read was Professor of Biology and Chairman of the Department of Biology 
at Rice University. He was formerly head of the Department of Invertebrate Biology and 
a Trustee of the Marine Biological Laboratory. He died unexpectedly at Houston on 
December 24, 1973. 
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Figure 1. The internal glucose concentration ([Gil, /xmoles glucose/ml worm water) of 
//ymcnolcpis dimimita incubated in 5 him glucose in KRT, or various ion-substituted KRT 
solutions, versus time of incubation (min). Closed circles equal control (worms incubated 
in KRT only) ; open circles equal worms incubated in glucose in KRT; open triangles equal 
worms incubated in glucose in Na + -free KRT with choline as the replacement cation; closed 
squares equal worms incubated in glucose in Cl -free KRT with N0 : f as the replacement 
anion; open squares equal worms incubated in Cl -free KRT with CLLCOO - as the replace¬ 
ment anion. Each point is the mean of 3 replicates. 

Materials and Methods 

Specimens of Hymcnolcpis dimimita from 10-day-old, 30-worm infections of 
young male Spragtte-Dawley rats (IToltzinan Co. ) were used in all experiments. 
After removal from the host, worms were washed in several changes of a Krebs- 
Ringer solution containing 25 him tris(hydroxymethyl)-aminomethane-maleate 
buffer at pH 7.4 (KRT of Read ct <//., 1963), and randomized into groups of 5 
worms (approximately 200 mg wet wt). Prior to incubation, each group of 
worms was preincubated in 10 ml of fresh KRT (or the appropriate ion-substituted 
KRT) for 30 min. All preincubations and incubations were carried out at 37° C. 

In L-metbionine and l)-glucose accumulation studies, the worms were removed 
from the preincubation medium, blotted dry, weighed (±0.5 mg), and incubated 
in 10 ml of KRT (or the appropriate ion-substituted KRT) containing either 
L-metbionine or D-glucose. After intervals of time indicated in various experi¬ 
ments, the worms were removed, rinsed rapidly in 3 changes of KRT, blotted dry, 
weighed (±0.5 mg), and extracted overnight in 70% ethanol. Glucose in the 
ethanol extracts and incubation media were determined using the glucose oxidase 
method (Glucostat Special, Worthington Biochemicals), and methionine in the 
ethanol extracts (following partitioning against acidified chloroform) and incuba¬ 
tion media was determined by the method of Horn, Jones and Blum (1946). Glu- 
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cose and methionine concentrations in the worms were calculated in terms of 
//moles solutes/ml worm water at the end of the incubation period. Following- 
ethanol extraction, the worms were digested in 30% KOI! and the 50% ethanol 
precipitable carbohydrate (glycogen) was determined by the method of Dubois, 
Giles, Hamilton, Rebers and Smith (1956). 

To measure short term glucose and methionine influx rates, groups of worms 
were incubated in 5 ml of KRT (or the appropriate ion-substituted KRT) con¬ 
taining 0.25 /xCi/ml of D-glucose- 14 C(U) or L-methionine- 14 C(methyl) (New 
England Nuclear). After a 2 min incubation, the worms were removed, rinsed 
rapidly in 3 changes of KRT, blotted dry and extracted overnight in 2 ml of 70% 
ethanol. Radioactivity in 1 ml aliquots of the ethanol extracts was determined 
with a Nuclear-Chicago gas-flow counter. The worms were dried overnight at 
95° C and weighed. 



Figuke 2. Percentage change in the worm water (AIEO) of Hymenolcpis diminuta 
incubated in 5 him glucose in KRT, or various ion-substituted KRT solutions, versus time 
of incubation (min). Symbols as in Figure 1. Each point is the mean of 3 replicates. 


Results 

The internal glucose concentration ([Gi]) of H. diminuta incubated in KRT 
for 60 min rose from an initial 4 him to 12 nm, in terms of worm water. During 
this period, there was a net water influx representing a 5% increase in worm water, 
and a net decrease in worm glycogen. When incubated in 5 imr glucose in KRT 
for 60 min, the [GJ rose from 4.2 him to 25.5 imr, and was accompanied by a 
20% increase in worm water; under these conditions worm glycogen increased 
(Figs. 1 and 2, Table I). Glucose in the incubation medium decreased from 5.0 
him to 3.8 him during the 60 min incubation. However, of the 12 //moles removed 
from the incubation medium (10 ml at 1.2 //moles/ml) by worms, only 5 //moles 
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of free glucose was recovered in the ethanol extracts indicating that 60% of the 
absorbed glucose was metabolized. 

When worms were incubated in 5 him glucose in Xa + -free KRT (with choline 
as the replacement cation) for 60 min, the [Gj] rose from 3.8 nm to 6 m m, while 
only 2-5% of the initial worm water was lost. Glucose in the incubation media 
increased from 4.98 niM to 5.25 nm after 60 min, and worm glycogen decreased 
(Figs. 1 and 2, Table I). 

The steady state free glucose concentration of worms incubated in Cl -free 
KRT (Cl" replaced with CH 3 COO~ or N0 3 ~) with 5 nm glucose rose significantly 
above the glucose concentration of the media. With X0 3 ~ as the replacement 
anion the [Gj] attained was approximately equal to that attained by worms in¬ 
cubated in glucose in KRT (27 nm and 25.5 him, respectively), while in media 
with CII 3 COO" as the replacement anion the steady state [Gj] was reduced (18 
him). There was a small net influx of water (5-6% of the original worm water) 
in worms incubated in glucose in CL-free KRT. Worms incubated in Cl"-free 


Table I 

Glycogen levels (mg/g ivet wt) of Hymenolepis diminuta before {control) and after a 60 min in vitro 
incubation in various media. Values are listed as means of 3 replicates ± S.E . 


Incubation medium 

Glycogen 

A. Control (none) 

92.6 ± 5.6* 

B. KRT 

85.4 =b 4.8 

C. 5 him glucose in KRT 

100.8 ± 3.9 

1). 5 him glucose in Na + -free KRT** 

86.4 ± 4.1 

E. 5 nm glucose in Cl - -free KRT*** 

97.6 =t 4.6 

F. 2 mM methionine in KRT 

87.2 ± 4.1 

G. 2 mM methionine in Na + -free KRT** 

87.8 rfc 5.0 

11. 2 mM methionine in CL-free KRT*** 

88.0 ± 4.5 


* Statistical differences were determined using a one-way analysis of variance and Student- 
Xewman-Kenls a posteriori test. The means were grouped as follows: (B, 1), V, G, H) (A) (C, E); 
Each group of means is different from the"other two groups at the 95°~c level of significance. 

** Choline as the replacement cation. 

*** CH 3 COCL as the replacement anion. 

KRT with X0 3 as the replacement anion removed a slightly greater amount of 
glucose than did worms in media with CH 3 COO" as the replacement anion; in 
both experiments 55-60% of the glucose removed from the media in 60 min was 
not recovered in the ethanol extracts, i.c., it was metabolized. The glycogen levels 
of worms incubated in glucose in Cl -free KRT increased (Figs. 1 and 2, Table I). 

The method of Horn ct al. ( 1946) was not sensitive enough to detect the small 
free methionine pool known to exist in H. diminuta (J. E. Simmons, Jr., unpub¬ 
lished), nor did this method reveal any changes in extractable methionine when 
worms were incubated in KRT for 60 min. However, when worms were incubated 
in 2 imr methionine in KRT, Xa + -free KRT (with choline as the replacement 
cation), or Cl -free KRT (with either X0 3 “ or CH 3 COO as the replacement 
anion), increases in the free methionine of worms were easily detected, and worms 
were found to accumulate methionine in all media (Fig. 3). The internal methio- 
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Figure 3. The internal methionine concentration ([Mil, M ni oles methionine/ml worm 
water) of Hymcnolcpis diminuta incubated in 2 mM methionine in KRT, or various ion- 
substituted KRT solutions, versus time of incubation (min). Open circles equal worms incu¬ 
bated in methionine in KRT; open triangles equal worms incubated in methionine in Na + -free 
KRT with choline as the replacement cation; closed squares equal worms incubated in 
methionine in Cl -free KRT with NO ; r as the replacement anion; open squares equal worms 
incubated in Cl“-free KRT with CH 3 COO" as the replacement anion. Each point is the mean 
of 3 replicates. 

nine concentration ([Mi]) at a steady state was about 11.5 him and 9.5 mM for 
worms incubated in 2 him methionine in KRT and Na + -free KRT, respectively. 
Although the steady state [ A If ] of worms in Na + -free media appeared to he 
slightly depressed, the values for the [Mj] of worms at 40, 50, and 60 min in¬ 
cubation in KRT and Na + -free KRT were not significantly different (P > 0.05 
hv Student's t test). However, the steady state [Mi] of worms incubated in 2 
mM methionine in Cl -free KRT (with either replacement anion) was significantly 
lower than that of worms incubated in methionine in KRT. [Mi] values of worms 
incubated in XOy and CH^COO -substituted media were not significantly different. 

In KRT, there was a net water influx with about 5% increase in worm water; 
however, with the addition of 2 mM methionine, water effluxed from the worms 
regardless of the ionic composition of the media (Fig. 4). Water efflux from 
worms incubated in methionine in KRT or Na + -free KRT was less than 5% of 
the original worm water, but in CP-free KRT, the water efflux rose as high as 
10%. Glycogen levels of worms decreased when incubated in the absence of glu¬ 
cose (Table I). Methionine in the incubation media was not depleted to a signifi¬ 
cant extent in any experiment. 
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Figure 4. Percentage change in the worm water (ALLO) of Hymenolepis diminuta 
incubated in 2 him methionine in KRT, or various ion-substituted KRT solutions, versus time 
of incubation (min). Closed circles equal control (worms incubated in KRT only) ; open 
circles equal worms incubated in methionine in KRT; open triangles equal worms incubated in 
methionine in Na + -free KRT with choline as the replacement cation; closed squares equal worms 
incubated in methionine in CL-frcc KRT with NO.-f as the replacement anion; open squares 
equal worms incubated in Cl -free KRT with CLLOO" as the replacement anion. Each point 
is the mean of 3 replicates. 

Glucose influx rates in H. diminuta were extremely sensitive to the external 
Na + concentration. Glucose influx was inhibited 96% in Na + -free media (with 
choline as the replacement cation). Glucose influx rates were less sensitive to 
external Cl" concentrations, and significant inhibition of glucose influx was ob¬ 
tained only at very low Cl" concentrations (Table II). Methionine influx rates 
were unaffected by deletion of Na + or Cl" from the media (Table III). 

Tahlk II 


The effect of Na + and Cl~ deletion on the influx (nmoles 'g ethanol extracted dry wt 2 min) of u C-glucose 
in Hymenolepis diminuta. Values are listed as means of 3 replicates dr S.E. 


[Xa + ], niM 

Choline as 
replacement cation 

[Cl -], m.M 

ClhCOO as 
replacement anion i 

X0 3 - as 

replacement anion 

0 

0.05 dr 0.006* ** 

0 

8.61 ± 1.46*’ 

7.38 ± 0.42* 

5 

0.65 dr 0.06 

5 

12.88 ± 0.96 

— 

10 

1.26 ± 0.06 

10 

11.00 ± 0.73 

7.01 ± 0.36 

15 

2.91 dt 0.16 

25 

13.89 ± 0.93 

8.04 ± 0.29 

25 

3.96 dr 0.18 

50 

13.83 db 1.22 

8.31 ±0.58 

50 

6.06 dr 0.23 

75 

14.39 ± 0.78 

9.27 ± 0.59 

75 

7.86 dr 0.39 

100 

12.73 ± 0.88 

9.78 ± 0.22 

100 

9.68 dr 0.67 

130 

14.58 ± 1.79 

11.94 ± 0.18 

154 

11.15 dr 0.59 





* Glucose concentration = 1 m.\i 

** Glucose concentration = 2.5 mM. 
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Table III 


The effect of Na+ and Clr deletion on the influx (jtmoles/g ethanol extracted dry wt/2 min) of U C- 
methionine in Hymenolepis diminuta. Values are listed as means of 
3 replicates dr S.E. 


[\ T a + ], mM 

Choline 

replacement cation 

[Cl-], mM 

CHaCOO- as 
replacement anion 

NOa- as 

replacement anion 

0 

14.34 ± 0.89* 

0 

11.09 zb 0.22** 

11 18 dr 0.58** 

5 

12.88 dr 0.38 

5 

10.80 ± 0.28 

—• 

10 

15.35 it 0.60 

10 

— 

10.98 dr 0.61 

25 

13.30 dr 0.40 

15 

11.52 zb 0.76 

— 

50 

13.1/ i 0.78 

25 

11.83 zb 0.39 

11.86 dr 0.51 

100 

16.30 ± 0.83 

50 

11.79 dr 0.54 

12.13 dr 0.81 

154 

14.59 ± 0.64 

75 

12.26 dr 0.62 

11.08 it 0.72 



100 

12.39 dr 1.06 

11.82 =h 0.71 



130 

12.00 zb 0.67 

11.61 zt 0.68 


* Methionine concentration = 2.5 niM. 
** Methionine concentration = 2 him. 


Discussion 

Previous studies have shown that some tapeworms have Xa + -dependent glucose 
transport systems (see introduction), and H. diminuta is no exception. As pre¬ 
viously shown by Dike and Read (1971), glucose influx in II. diminuta is inhibited 
almost completely in X T a*-free media, and more recent studies have shown that 
glucose and Na + fluxes in II. diminuta are coupled (Read, Stewart and Pappas, 
unpublished). It is, therefore, not surprising to find that H. diminuta does not 
accumulate glucose in Na + -free media. Apparently, the lack of glucose accumula¬ 
tion is related to the Na + -dependence of glucose fluxes, with the energy-coupling 
device for glucose accumulation being maintenance of a Na + gradient across the 
tapeworm tegument. It might be argued that glucose is not accumulated in Na + - 
free media because the worms are not able to absorb glucose which would sub¬ 
sequently be used for energy production (Read, 1967) ; however, it should be 
noted that the worms produce glucose during incubation in Na + -free media (via 
glycogenolysis), and also that worms accumulate methionine in the absence of an 
external energy source (i.c., glucose). Therefore, the inhibition of glucose ac¬ 
cumulation in Na + -free media because of a lack of glucose as an energy source 
seems an improbable explanation. 

When incubated in KRT only, the [GJ of worms increases significantly while 
glycogen levels decrease. (There is little doubt that this increase in tissue glucose 
is a direct consequence of glycogenolysis, since glucose is the only glycogenic 
monosaccharide [Read, 1967], and since worms degrade glycogen when incubated 
in the absence of external glucose.) We might expect similar results from worms 
incubated in glucose in X T a + -free KRT since, under these conditions, no glucose 
enters the worms. Although glycogen levels in worms incubated in glucose in 
Na + -free KRT decrease, there is no concomitant increase in tissue glucose. This 
apparent discrepancy might be explained by the observation that the glucose con¬ 
centration of the Na + -free media increases during incubation with worms, the 
additional glucose coming from glycogenolysis and subsequent glucose efflux from 
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the worms. Such a “trails” elicet from a reversed Xa f difference (gradient) also 
occurs in the tapeworm C. verticillatum , as shown by Pappas and Read (1972). 
These data support the hypothesis that glucose fluxes in H. diminuta are controlled 
in large part, by the prevailing Xa f difference. 

Although pigeon erythrocytes contain at least 3 specific amino acid tiausport 
systems, one of which is sensitive to both Xa + and CP (Imler and Yidaver, 1972), 
no animal cell, to our knowledge, has been shown to contain a single glucose trans¬ 
port system which is sensitive to both anions and cations. H. diminuta may be 
the exception since glucose influx is inhibited in both Xa + - and CP-free media. 
No data are available which suggest a possible mechanism for this CP-sensitivitv. 
However, since replacement of CP with X T 0 3 _ or CH 3 COCP yields similar results 
(38% and 41% inhibition, respectively) and since methionine influx is not in¬ 
hibited in CP-free media, it appears that the effects of Cl deletion arc rather 
specific. Although these data are suggestive of an anion requirement for glucose 
influx, further studies are needed to clarify this point. 

//. diminuta accumulated glucose in Cl -free media, but the steady state [Gj] 
of worms is reduced when CII3COO is used to replace deleted CP. Since re¬ 
placement of CP with either X0 3 " or CH3COO has similar results on glucose 
influx, we may speculate that replacement of CP with Clf 3 COO" increases the 
efflux of glucose from II. diminuta. This should be examined experimentally. 
However, it is clear the glucose influx and accumulation in II. diminuta do not 
display an absolute requirement for CP, as they do for XaL 

As originally reported by Read ct al. (1963), methionine influx in II. diminuta 
is not Na + -seusitive. Similar results were obtained by Uglem (unpublished) with 
lysine, glutamate and leucine influxes in II. diminuta, and Pappas ct al. (1973b) 
showed that methionine, phenylalanine and arginine influxes into T. crassiceps 
larvae are not Xa + -sensitive. Methionine accumulation bv H. diminuta is also 
Xa + -insensitive, as is methionine and phenylalanine accumulation by T. crassiceps 
larvae (Pappas ct al., 1973b). Unlike glucose influx and accumulation, methionine 
influx and accumulation in II. diminuta and T. crassiceps larvae are not dependent 
upon Xa + in the external medium. A similar situation mav exist in the Acantho- 
cephala, since Uglem and Read (1973) found that leucine is accumulated by 
Moniliformis ditbius in Xa + -free media. 

Deletion of CP and its replacement with X0 3 “ or CII 3 COO has no effect on 
methionine influx, however, the steady state [Mi] of worms incubated in 2 him 
methionine in CP-free media is reduced, compared to worms incubated with 
methionine in KRT. It appears that either amino acid influx and accumulation are 
not CP-sensitive, or that both X0 3 _ and CH 3 COO" will replace CP if this system 
is anion sensitive. In pigeon erythrocytes, glycine influx occurs through a system 
which cotransports Xa + but which also must bind an anion for amino acid trans¬ 
location. F", X0 3 ", HCOo-, SCX", and I” will replace CP as the anion cofactor, 
although they are less efficient than CP. while CH 3 COO , CHsCLUfOlI)COO” 
(lactate), and larger anions will not replace Cl (Imler and Yidaver, 1972). 
Methionine influx in H. diminuta apparently occurs through a system quite differ¬ 
ent than that found in other anion and/or cation-requiring systems. 

As stated above, the data regarding glucose influx and accumulation are con¬ 
sistent with Na + -gradient hypothesis as originally proposed by Crane (1962, 1965). 
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However, methionine influx and accumulation do not depend upon the mainte¬ 
nance of either a Na + or Cl" difference across the cell membrane. That is, the 
maintenance of an ion difference does not appear to be involved in energy-coupling 
for methionine accumulation, as the data suggest it to be for glucose accumulation. 
Therefore, we may infer that the energy necessary for methionine accumulation 
must be derived from some other source. Several studies have shown that the 
potential energy available from the Na + difference across cell membranes is suf¬ 
ficient to account for amino acid and glucose accumulation in some mammalian 
intestinal preparations and pigeon erythrocytes, however, in other systems (chick 
intestine and ascites tumor cells), the Na + - gradient does not appear to provide 
sufficient potential energy for solute influx and accumulation (see Gibb and Ebby, 
1972, and Johnstone, 1972, and references therein), and it has been suggested that 
additional energy is derived from the maintenance of K + difference or from ATP 
directly. No studies are available which deal with energy requirements of solute 
influx and accumulation in II. diminuta, but it appears that the energy for methio¬ 
nine accumulation must be derived from some source other than Na + or CP con¬ 
centration differences across the cell membranes. 

For the preceding discussion we have made the tenuous, hut necessary, assump¬ 
tion that water associated with H. diminuta (as determined from | wet wt]-[dry 
wt]) exists in a free state within this tapeworm and that solutes are in “true 
solution.” In a recent symposium (Hazelwood, 1973) the physical and chemical 
state of water and solutes within living cells was discussed at length and, from data 
presented in these papers, it is apparent that neither of our assumptions are com¬ 
pletely valid. However, at the present time an accurate estimation of “hound” 
versus “unbound” water and solutes cannot he made. This situation is complicated 
by the water fluxes associated with solute accumulation by H. diminuta. Although 
these fluxes are generally small (< 5% of the original worm water), glucose ac¬ 
cumulation bv II. diminuta is accompanied bv a 20% increase in worm water, and 
methionine accumulation in Cl -free media is accompanied by a 10% loss of worm 
water. Like the physico-chemical state of water already present in the worm 
tissues, the true state of the water influxing during glucose accumulation is un¬ 
certain. In addition, many tapeworm species, including II. diminuta, appear to 
have the capacity to regulate their water volume (Read, Douglas and Simmons, 
1959; Read and Simmons, 1963; Smyth, 1969; DeRycke, 1972), although the 
exact mechanism of this water regulation is unknown. It is apparent, therefore, 
that additional studies are necessary, not only to determine the physicochemical 
state of solutes and water within II. diminuta , but also to determine the osmo¬ 
regulatory capabilities of tapeworms and the significance of the water fluxes asso¬ 
ciated with solute accumulation. 


Summary 

When incubated in 5 him glucose in a buffered Krebs-Ringer saline for 60 min, 
Hymenolcpis diminuta accumulated glucose to a steady state concentration of 25.5 
him ; in Ch-free saline, with either N0 : r or CH 3 COO" as the replacement anion, 
glucose was accumulated by worms. H. diminuta incubated in 5 him glucose in 
Na + -free media, with choline as the replacement cation, did not accumulate glucose. 
Short term glucose influx (2 min) in II. diminuta was inhibited 96% in Na + -free 
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media, and approximately 40% in Cl~-free media. The data support the hypothesis 
that glucose influx and accumulation in H. diminuta occurs through a Na + -dependent 
system similar to that proposed by the “ion-gradient hypothesis.” The data suggest 
further that glucose influx in H. diminuta may be anion-sensitive as well. 

H. diminuta accumulated methionine when incubated in 2 him methionine in 
normal saline, Na + -free media, or Ch-free media, and short term methionine influx 
(2 min) in H. diminuta was unaffected bv Na + or Cl' deletion. Methionine influx 
and accumulation are not dependent on anion or cation differences (gradients) 
across the cell membranes and the energy necessary for solute accumulation must 
be derived from some source other than maintenance of these ion-differences. 

Solute accumulation in H. diminuta was accompanied by significant water fluxes 
in some instances. Since the physical state of water and solutes within worms and 
the worms osmoregulatory capacities are unknown, the significance of these water 
fluxes is uncertain. 
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